The marine copepod Paracalanus parvus has long been considered the most abundant representative of the genus and one of the main components of coastal zooplankton in the Mediterranean and Black Seas. However, subtle morphological differences between P. parvus, P. indicus and P. quasimodo hamper correct taxonomic identification. To clarify the taxonomic status and distribution of this species complex in the Mediterranean and Black Seas, DNA barcoding as well as an integrated morphological and molecular analysis was conducted on samples collected across these two basins. DNA barcoding confirmed the presence of P. parvus s.s. in the Black Sea and revealed four Paracalanus species in the Mediterranean Sea, including the morphologically undescribed Paracalanus sp. F. The most abundant species in all coastal areas was P. quasimodo, while P. parvus s.s. was confined to areas of the northern Mediterranean Sea. The phylogeographic analysis indicated that the boreal species P. parvus s.s. has a relic distribution in the Mediterranean and may have been displaced by the subtropical P. quasimodo during the last interglacial period. The available online at academic.oup.com/plankt
integrated analysis revealed inconsistencies between morphological and molecular taxonomic identification and indicated that the taxonomic characters traditionally used are not adequate to discriminate between these species. KEYWORDS: Paracalanus parvus species complex; cytochrome oxidase I; taxonomy; DNA barcoding; morphology; phylogeography
I N T R O D U C T I O N
Copepods are the most numerous metazoans in the marine zooplankton and play a significant role in the functioning of the pelagic ecosystem. Therefore, they have long been the main subject of several ecological and biogeographical studies, where proper species identification is a fundamental requirement (Laakmann et al., 2013) . However, the minute morphological characters frequently used for the taxonomic identification of copepod species make this task challenging, especially in small-size species, and sometimes they are not even sufficient to discriminate closely related species (pseudocryptic or cryptic species) (Thum and Derry, 2008) . Moreover, due to the continuous decline in the number of taxonomists since the last century, ecologically oriented biologists are usually required to make the identifications, but they often do not have the taxonomic expertise to do so with the accuracy or consistency required to assign species (McManus and Katz, 2009 ).
In the last decades, molecular methods have been widely used in taxonomy, systematics, and phylogeny of copepods and in many cases have revealed several cryptic species, especially for geographically widespread taxa (Blanco-Bercial et al., 2014) . DNA barcoding, i.e. Sanger sequencing of a standard 648 base pair (bp) fragment of the cytochrome c oxidase subunit I (COI) of the mitochondrial DNA (mtDNA), has been a powerful tool for species identification (Hebert et al., 2003) . Nevertheless, this single-specimen sequencing workflow cannot be routinely applied to identify species in ecological and monitoring studies because it would be extremely laborious and expensive (Hajibabaei et al., 2011) . More recently, the advancement of next-generation sequencing technologies and the development of DNA metabarcoding approaches allow to genetically identify multiple species in a single analysis of environmental samples (Tamberlet et al., 2012) . These approaches are currently optimized but require complete and curated genetic reference databases to assign sequences to taxa and deliver reliable results. However, in many taxonomic groups including copepods, the relevant databases are still largely incomplete (Blanco-Bercial et al., 2014) . Therefore, there is an urgent need to resolve taxonomic ambiguities and feed molecular databases with species validated with morphological and molecular taxonomy (Bucklin et al., 2016) .
The calanoid copepods of the Paracalanus parvus species complex represent a well-known case where species' taxonomy and distribution are not yet well understood (Cornils and Held, 2014 (Razouls et al., 2005 (Razouls et al., -2017 . Among these species, only the first four occur in the Mediterranean Sea, with P. nanus easily identifiable because of its smaller size. However, the subtle taxonomic differences between P. parvus, P. indicus and P. quasimodo and the individual variability observed in Mediterranean specimens (KhelifiTouhami and Mazzocchi, pers. observ.) render the correct identification problematic.
The main morphological character to distinguish among P. indicus, P. parvus and P. quasimodo is the presence or absence of serration on the outer distal edge of the exopodite of the swimming appendages (legs) P2, P3 and P4 of the females (Andronov, 1970; Bowman, 1971) . However, this character is often impossible to assess in routine sample counts because Paracalanus legs are fragile and break easily during sampling. In any case, several authors agree that there are difficulties in the identification and classification within the P. parvus complex even with scrupulous morphological examination (Bowman, 1971; Bradford, 1978; Kang, 1996) .
Paracalanus parvus was considered, until recently, the most abundant representative of the genus and one of the main components of coastal zooplankton in the Mediterranean and Black Seas (Razouls et al., 2005 (Razouls et al., -2017 . The presence of P. indicus has been recorded in regions of the western Mediterranean (Alboran Sea, Algerian and Tunisian coastal waters, Gulf of Naples), mainly by revising specimens formerly considered as P. parvus (Bowman, 1971; Khelifi-Touhami et al., 2007) , while P. quasimodo has been reported in the Black Sea but not in the Mediterranean (Razouls et al., 2005 (Razouls et al., -2017 . This picture has been recently changed by Cornils and Held (Cornils and Held, 
Numbers outside parentheses are the number of specimens genetically assigned to a species. Numbers in parenthesis are the number of specimens morphologically assigned to a species. Sea surface temperatures (SSTs) for each location (SST of coldest month-SST of hottest month) were obtained from the EOWEB GeoPortal (DLR AVHRR SST for the Mediterranean region) a: DNA barcoding analysis; b: morphological analysis.
2014) who analyzed phylogenetically several specimens of the P. parvus species complex from all oceans, including the Mediterranean Sea. That study revealed that the complex comprises 10-12 putative species, some of them cryptic, with differing geographical distribution, and in several instances, specimens previously identified morphologically as one species were phylogenetically assigned to another. The species P. parvus s.s. was genetically identified only in samples from the NE Atlantic, close to its type locality (North Sea) (Claus, 1863) and was not found in the Mediterranean. The P. parvus s.s. clade was sister to a clade corresponding to the undescribed species Paracalanus sp. F., distributed in the Atlantic Ocean and New Zealand waters. P. quasimodo and P. indicus were also sister species, the former found in the Atlantic and the Mediterranean, while the latter had a circumglobal distribution. The present study aimed at clarifying the taxonomic status and distribution of the P. parvus species complex in the Mediterranean and Black Seas. For this purpose, several specimens were collected from different locations across these two basins and sequenced for portion of the COI mtDNA gene. Moreover, an integrated morphological and genetic analysis allowed the morphological characters routinely used for the identification to be correlated with the species' molecular assignment. 
M E T H O D Sample collection

DNA barcoding analysis
Total DNA was extracted from each of the 199 ethanolpreserved Paracalanus specimens with the DNeasy Blood and Tissue DNA extraction kit (Qiagen) and eluted in 100 μL of elution buffer. A portion of the COI mtDNA gene was amplified using the degenerated primers of Geller et al. (2013) for crustaceans, which are based on the primers LCO1490 and HCO2198 (Folmer et al., 1994) . PCR amplifications were conducted in 12.5-μL reactions using the QIAGEN Multiplex PCR Kit. Each reaction contained 6.25 μL of 2x Taq Buffer, 0.4 μΜ of each primer and 1.5 μL of undiluted total DNA. The following thermocycling profile was used: 5 min at 95°C followed by 35 cycles of 30 s at 95°C, 90 s at 47°C and 90 s at 72°C, followed by 10 min at 68°C. PCR products were electrophoresed on a 1% agarose/TAE gel, excised from the gel using sterile razor blades and purified using Nucleospin ® Extract II columns (MachereyNagel). The purified PCR products were quantified with Nanodrop and cycle-sequenced in both directions with Big Dye Terminator Ver. 3.1 (Applied Biosystems Inc., ABI). The sequences were electrophoresed on an ABI 3130xl DNA sequencer (Applied Biosystems Inc., ABI).
DNA sequences were edited using Bioedit (Hall, 1999) and aligned together with the COI Paracalanus sequences available at GenBank on 06/06/2017, using Aliview (Larsson, 2014) . The sequences were trimmed at 644 bp and only sequences of similar size to those of the current study and with no or few missing data were included. The alignment did not contain any stop codons or insertions and deletions, which would indicate the presence of pseudogenes. The COI sequences obtained in this study were deposited in GenBank under accession numbers MH818602 -MH818800.
To assign sequences to species or to molecular operational taxonomic units (MOTUs), a phylogenetic tree was constructed in MEGA v.6.06 (Tamura et al., 2013) , using the neighbor-joining algorithm with Kimura-twoparameter genetic distances, pairwise deletion of missing data and 1000 bootstrap replicates.
The relationships of the mtDNA haplotypes for each MOTU found in the Mediterranean and Black Seas were depicted with a median-joining network (Bandelt et al., 1999) using the software NETWORK v.4.6.1.1 (Fluxus Technology Ltd., Suffolk, UK). All available sequences for each taxon were included except those of very short length, together with their geographical origin in order to check for phylogeographic patterns.
Morphological identification
The morphological identification of the Paracalanus specimens was based on the taxonomic criteria reported in Sewell (1929) , Bowman (1971) , Bradford (1978) and Kang (1996) . The absence or presence of serration on the outer distal edge of the exopodite 3 of the swimming legs P2-P4 of the females was the main criterion used to distinguish between P. parvus, P. indicus and P. quasimodo; in addition, the presence/absence of ornamentation on the first basipodite of the swimming legs and of a prominent dorsal hump on the prosome were also considered (Supplementary material 1). In most cases, specimens and taxonomic characters were photographed under light microscope and three specimens from the Gulf of Naples were also photographed at high resolution using scanning electron microscopy (SEM).
R E S U L T S
The phylogenetic analysis of the COI sequences of the Paracalanus specimens (DNA barcoding) revealed the presence of four different MOTUs in the Mediterranean Sea, namely the species P. parvus s.s., P. quasimodo, P. indicus and the morphologically undescribed putative species Paracalanus sp. F as in Cornils and Held (Cornils and Held, 2014) , while in the Black Sea, P. parvus s.s. was the only species present (Table I, Fig. 1 , Supplementary material 2). In the Mediterranean Sea, P. parvus was present only in the Gulf of Lions and in the Gulf of Trieste (54% and 28% of the Paracalanus specimens, respectively). P. quasimodo was the dominant species at all coastal stations (76-100% of Paracalanus specimens), but it was less abundant at the offshore stations (8% in the Gulf of Lions and 25% in the Gibraltar Strait/Alboran Sea) with the exception of the north Aegean Sea sample (91%). Paracalanus indicus was present in most of the stations but not in abundance (3-14%), with the exception of the Gibraltar Strait/Alboran Sea where it dominated (75%).
Paracalanus sp. F was found only in the Gulf of Lions (35% of the specimens).
The phylogeographic analysis for each of the four MOTUs, based on their haplotype networks and including all available information from GenBank, revealed the following patterns (Fig. 2) . Paracalanus quasimodo was present in the Atlantic Ocean and the Mediterranean Sea. Its phylogenetic network consisted of three main central haplotypes separated by one mutational step and several mostly unique derived haplotypes (Fig. 2A) . The most abundant haplotype was present in all areas, the second most abundant in all areas but the Aegean Sea, and the third one only in the Atlantic and the NW Mediterranean. There was also one derived haplotype shared between the Gulf of Naples (western Mediterranean) and the Aegean Sea.
Paracalanus parvus s.s. occurred in the NE Atlantic, the western Mediterranean (Gulf of Lions), north Adriatic (Gulf of Trieste) and in the Black Sea. The network had a central ancestral haplotype that was abundant and present in all areas (Fig. 2B) . The derived haplotypes were only few mutational steps apart and were either present in the Atlantic or in the Mediterranean and Black Seas. One of these haplotypes was shared between the Black Sea and the north Adriatic and another between NW Mediterranean and the north Adriatic.
Paracalanus indicus had a global distribution and a more complex haplotype network (Fig. 2C) . A group of haplotypes was present only in the Indo-Pacific Ocean, with the exception of one haplotype that was also present in the Atlantic (Cape Verde: specimen KF715910). Another group of haplotypes was present only in the Atlantic and the Mediterranean Sea. The two groups were not monophyletic. Table I ) and for some locations in proximity (ovals).
The undescribed Paracalanus sp. F. consisted of two divergent groups of haplotypes (Fig. 2D) . The first group was found in the NW Mediterranean and the NW Atlantic but there were not shared haplotypes between the two areas. The second group was found mostly in the SE Atlantic but it contained a haplotype that was found in the NW Atlantic and in New Zealand waters.
The integrated morphological and molecular analysis revealed two morphospecies (P. indicus and P. parvus) and three species by DNA barcoding analysis (P. quasimodo, P. indicus and P. parvus) and in many cases there was incongruence between the morphospecies and the genetically identified species (Tables I and II, Supplementary  materials 1 and 3) . In the Annaba Bay, the Gulf of Naples and the Saronikos Gulf, the analyzed specimens were morphologically identified as P. indicus (or "no P. parvus" when the leg P4 was missing), with the exception of one specimen from Annaba Bay and one from Saronikos Gulf that were identified as P. parvus. It should be noted, however, that specimens from the Gulf of Naples initially identified as P. parvus with light microscopy were found to be P. indicus when examined with SEM. In any case, the genetic Table II analysis identified all of the aforementioned specimens as P. quasimodo. In the Gulf of Trieste, the specimens collected in April 2014 were morphologically and genetically identified as P. parvus; in contrast, the specimens collected in November 2015 were morphologically assigned to P. indicus but only two of them were genetically confirmed as such while the rest were genetically assigned to P. quasimodo. Only in the Black Sea did the morphological and genetic results match completely and confirmed the exclusive presence of P. parvus.
D I S C U S S I O N
The current study revised the patterns of geographic distribution and abundance for the species of the P. parvus complex in the Mediterranean and Black Seas, using DNA barcoding analysis. The genetic analysis showed that the dominant Paracalanus species in the coastal areas of the Mediterranean Sea is P. quasimodo and not P. parvus or P. indicus, in contrast to what has been reported so far in many relevant ecological studies. In the samples analyzed from the Saronikos Gulf and the Gulf of Naples, P. parvus was not genetically detected, although it was long considered as the dominant Paracalanus species in these areas (Mazzocchi and Ribera d'Alcalà, 1995; Siokou-Frangou, 1996; Mazzocchi et al., 2011 Mazzocchi et al., , 2012 . Instead, P. quasimodo was by far the dominant species, followed by the much less abundant P. indicus. Similarly, in the Annaba Bay (Algeria), where P. indicus was considered to be dominant (Khelifi-Touhami et al., 2007; Ounissi et al., 2016) , the genetic analysis showed the presence of P. quasimodo, although the sample size was small. In the Gulf of Trieste, where P. parvus was considered as the dominant Paracalanus species (Conversi et al., 2009) , all three species (P. quasimodo, P. indicus and P. parvus) were genetically identified, but their relative abundance seemed to vary according to the season. On the other hand, in the offshore stations of the western Mediterranean Sea, P. quasimodo had very low frequency, in contrast with the offshore station in the north Aegean Sea. The offshore stations of the Gulf of Lions (NW Mediterranean) were the only sites where four species of the P. parvus complex co-occurred, including the undescribed species Paracalanus sp. F (Cornils and Held, 2014) , which was not detected elsewhere in the Mediterranean during the present study.
In the Black Sea, P. parvus was the only Paracalanus species found, in accordance with morphological taxonomy and the previous literature (Kideys et al., 2000; Gubanova et al., 2014) . The presence of P. indicus and P. quasimodo as alien casuals in the area has also been reported, although questionable (Gubanova et al., 2014) , and these species were not detected in our study.
Phylogeographic inference
By combining the findings of the current study with data from previous studies, we could further elucidate the phylogeographic patterns and history of the four Paracalanus species. P. parvus s.s., which was restricted to the NE Atlantic according to Cornils and Held (Cornils and Held, 2014) , is also distributed in areas of the northern Mediterranean (NW Mediterranean and north Adriatic Sea) and in the Black Sea. The shallow intraspecific phylogeny observed, with a central abundant haplotype present from the NE Atlantic to the Black Sea, indicates a lack of phylogeographic structure and a recent origin of the populations. Paracalanus parvus s.s. was likely restricted to a glacial refugium either in the E Atlantic, southern of its current range, or in the Mediterranean Sea, where the thermal conditions were favorable. At the end of the last glacial period and the beginning of the Holocene, when the sea temperature started to rise and the ice sheets to retreat, the species expanded its distribution to the NE Atlantic and in the Mediterranean and entered the Black Sea after the connection of the latter with the Mediterranean was reestablished (Aksu et al., 2002) . However, further increase of the sea temperature during Holocene may have restricted its distribution to colder regions i.e. the NE Atlantic, the northern parts of the Mediterranean and the Black Sea, producing the current discontinuous pattern. Indeed, these regions are colder with winter sea surface temperatures (SSTs) falling below 10°C (with the exception of the Gulf of Lions where the winter SST is~13°C), while in the rest of the areas studied, winter SSTs are over 13°C (Table I ). The discontinuous distribution pattern observed for P. parvus s.s. is similar to that of other cold-water or "boreal" taxa of the AtlantoMediterranean region, like the copepods Calanus helgolandicus/C. euxinus (Yebra et al., 2011) and the clupeid fish Sprattus sprattus (Debes et al., 2008) , which are mostly restricted to the northern parts of the Mediterranean, in the Black Sea and the NE Atlantic. However, the aforementioned species have more complicated haplotype networks, which indicate that they were confined to more than one geographically separate glacial refugia.
The undescribed Paracalanus sp. F, sister species of P. parvus s.s., previously found only in NW Atlantic and SE Atlantic (morphologically described as P. parvus) and in New Zealand waters (morphologically described as P. indicus) (Cornils and Held, 2014) , was now found also in the NW Mediterranean, and seems to be a coldwater taxon as well. The phylogenetic network indicated  an anti-tropical distribution of two divergent clades in the NW Atlantic/NW Mediterranean and in the SE Atlantic, respectively, with the exception of one haplotype found in the NW Atlantic and in New Zealand waters. These two divergent clades may be attributed to the warm equatorial waters of the Atlantic, which constitute a barrier to gene flow for cold-water marine taxa. Nevertheless, during the glacial periods of the Pleistocene, the sea temperature decreased and this may have facilitated the species' dispersal across the equatorial waters to establish an anti-tropical distribution. The presence of one haplotype from the southern group to the NW Atlantic may represent a secondary trans-tropical dispersal, although it may be due to anthropogenic transportation through ballast water. Similarly, the presence of the same haplotype in New Zealand waters might be the result of anthropogenic transportation as well, although it has been suggested that the presence of Paracalanus sp. F there is related to transportation by the Antarctic Circumpolar Current (Cornils and Held, 2014) . The distinct haplotype groups in the NW Atlantic and in the Mediterranean, if confirmed by more extensive sampling, would suggest further geographic structure of the populations.
For P. quasimodo, the current study extends its distribution to almost all of the Mediterranean region. The species has a tropical/temperate distribution in the Atlantic Ocean and the Mediterranean Sea. The differential geographic distribution of the three main haplotypes indicates geographically structured populations and points to a reduction in haplotype diversity from the Atlantic and the W Mediterranean to the E Mediterranean (Aegean Sea). The haplotype network of P. quasimodo seems to suggest that this species most probably invaded the Mediterranean Sea from the Atlantic, possibly after the end of the last glacial period, when the sea temperature of the Mediterranean started to increase.
Paracalanus indicus has a global distribution (Cornils and Held, 2014) . Our analysis showed a phylogeographic structure, with certain haplotype groups being mostly present in either the Indo-Pacific or in the Atlantic/Mediterranean regions. Interestingly, in the Aegean Sea, three disjunct haplotypes were found, while in the W Mediterranean there was mostly another abundant haplotype. Nevertheless, the phylogeographic patterns are not clear and the data not sufficient for safe conclusions to be drawn.
The phylogeographic patterns of the Paracalanus species of this study seem to be in accordance with the notion that the alternation of the ice ages with the warm interglacial periods during the whole Quaternary resulted in different immigration waves of Atlantic fauna of boreal or subtropical origin, respectively, in the Mediterranean Sea (Bianchi and Morri, 2000) . In our case, the boreal species P. parvus s.s may have invaded and dominated the Mediterranean during the last ice age, to be displaced by subtropical species like P. quasimodo during the last interglacial period and to remain confined to northern parts of the Mediterranean where the thermal conditions are still favorable. The warming of the Mediterranean during the last deglaciation is estimated to have increased winter SSTs by up to 6°C and summer SSTs by up to 10°C (Hayes et al., 2005) . Further warming of the sea due to the climate change may lead to extinction of cold-water taxa like P. parvus s.s from the Mediterranean. In the Gulf of Trieste, ecosystem-wide changes have already been reported that include the increase of species with more southern distributions and a decline and/or changes in phenology of cold-water species such as Pseudocalanus elongatus and Calanus helgolandicus (Conversi et al., 2009) . Nevertheless, it is not clear whether the apparently relic distribution of P. parvus s.s in the Mediterranean is due to environmental conditions alone or also to competition with the subtropical Paracalanus species, although boreal and subtropical Paracalanus species do coexist in the northern parts of the Mediterranean.
Comparison between morphological and genetic identification
The integrated morphological and genetic analysis showed that the morphological taxonomy was not congruent with the molecular taxonomy, only in the case of specimens genetically identified as P. quasimodo. Not a single one was morphologically identified as such following the diagnostic criterion of the presence/absence of serration on the distal edge of the exopodite 3 of legs P2-P4, even when examined at high resolution with SEM. Most of the genetically identified P. quasimodo specimens were morphologically identified as P. indicus (without serration on the distal edge of the exopodite 3 of P4). Few were initially identified morphologically as P. parvus (without serration on the distal edge of the exopodite 3 of P2-P4); however, a closer examination with SEM showed that most of these P. parvus were actually morphologically P. indicus since they had inconspicuous serration at leg P2 or P3. On the other hand, all specimens genetically identified as P. parvus or P. indicus did have the respective morphotype.
Although the presence or absence of serration of exopodite 3 of P2 to P4 legs has been considered as rather a sound criterion (Bradford-Grieve et al., 1999) , it does not seem to hold good as a means of distinguishing between P. quasimodo, P. indicus and P. parvus. These morphological characters are quite variable, since they may be hardly visible under light microscope but can also be conspicuous, which makes correct identification very difficult in the first case. Moreover, the serration at the distal edge of the exopodite 3 of P4 is not discriminatory between P. indicus and P. quasimodo, at least in the Mediterranean, since the latter species seems to lack serration as well.
Little ornamentation of the swimming legs has been also reported for P. indicus specimens collected in New Zealand waters (Cornils and Held, 2014) , while Bradford (Bradford, 1978) pointed out the great variability of the morphological characters of the latter species. Apart from the serration, other morphological characters of the females, like the degree of development of the dorsal hump, the prosome to urosome length ratio, the body shape, the length of the antennules, the presence of posterior dorsal spinules on the genital segment and the shape of the spermatheca are often difficult to see and measure and are not absolutely discriminatory.
Extensive incongruence between morphospecies and MOTUs has been observed in several instances in the P. parvus species complex worldwide (Cornils and Held, 2014) . One explanation for the observed incongruence between morphospecies and genetically identified species could invoke hybridization and subsequent mtDNA introgression, for example from P. quasimodo to its sister species P. indicus in the Mediterranean Sea. In that case, mtDNA of P. quasimodo could have leaked into populations of P. indicus and these individuals would be identified as P. quasimodo in a mtDNA analysis while (most of) their nuclear DNA and hence genes controlling serration as well as their overall morphology would be that of P. indicus or intermediate. Introgression is not an uncommon phenomenon (Toews and Brelsford, 2012) and has already been observed in copepods both in experimental conditions (Pritchard and Edmands, 2013) and in nature (Makino and Tanabe, 2009) .
On the other hand, there is evidence that speciation in copepods can occur without apparent morphological differentiation and morphological similarities may also emerge after genetic differentiation due to adaptation to a similar habitat (convergent evolution) (Cornils and Held, 2014) . Moreover, Hidaka et al. (2016) did not find evidence of hybridization in the P. parvus species complex in offshore waters south of Japan, since both mitochondrial and nuclear markers produced congruent phylogenies. Nevertheless, the species involved in that study (P. tropicus, P. indicus, P. nanus and the undescribed Paracalanus sp. A) were not phylogenetically as close as P. indicus and P. quasimodo, which theoretically could more easily hybridize.
C O N C L U S I O N S
The current study drastically changed our knowledge about the presence, distribution and abundance of the P. parvus species complex in the Mediterranean and Black Seas and elucidated further their global phylogeographic patterns. Moreover, it demonstrated the inadequacy of the morphological characters routinely used to discriminate between the three Paracalanus species, especially between P. indicus and P. quasimodo. It is obvious that a more detailed morphological taxonomic study of the P. parvus species complex is needed. Although the role of traditional taxonomy has been downgraded lately, recent studies support the view that the perceived supremacy of molecular methods in detecting cryptic species is in some cases a consequence of a disparity in investment, and of not exploiting recent advancements in morphometrics (Karanovic et al., 2016) . In any case, molecular identification seems to be a reliable way of discriminating the MOTUs of the P. parvus species complex. However, it would be prudent, before routinely applying mtDNA markers for species identification, through DNA barcoding and metabarcoding, to use nuclear markers to check for hybridization and mtDNA introgression.
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